ABSTRACT INTRODUCTION: Patients with rheumatoid arthritis (RA) have shorter life expectancy and their risk of cardiovascular death is more than 50 % higher than the rest of the population. Early myocardial dysfunction in RA patients may be detectable sooner using speckle-tracking echocardiography. METHOD: Cross-sectional study enrolled 55 patients with RA (mean age 44.1 years) without known cardiovascular disease and 31 healthy controls. All subjects underwent a standard echocardiographic examination: indexed left ventricular mass, left ventricle ejection fraction, isovolumic contraction and relaxation times (IVCT and IVRT), mitral valve infl ow curve (E/A), septal mitral annular motion (e'), and E/e' ratio as well as the speckle tracking assessment of left ventricle longitudinal, radial and circular strain and strain rate. (-19.51 % vs -21.46 %, p=0.049). Radial, circular, and transversal strains and strain rates were same in both groups. Global longitudinal epicardial strain correlated with IVCT and IVRT, disease duration, and markers of myocardial damage NTproBNP. CONCLUSIONS: Standard echocardiographic assessment of myocardial function is examiner-and angle-dependent method with considerable limitations for evaluation of minimal subclinical changes. Speckle-tracking echocardiography signifi cantly revealed incipient myocardial dysfunction in RA patients without overt cardiovascular diseases. This correlates with clinical RA characteristics and markers of cardiac damage (Tab. 4, Ref. 48). Text in PDF www.elis.sk.
Introduction
Diastolic dysfunction is an early marker of myocardial damage in most commonly encountered cardiovascular diseases. Despite the contradictions about its clinical and prognostic value (1), there is a consensus about its increasing importance in non-cardiac diseases such as rheumatoid arthritis (RA) and other collagen diseases due to early occurrence (2-4).
RA patients experience cardiovascular events earlier (5), have shorter life expectancy (6) and their risk of cardiovascular death is more than 50 % higher (7) than that of the rest of the population. Moreover, these clinical events are only partially dependent on conventional cardiovascular risk factors (8, 9) probably due to chronic infl ammation (10) and infl ammatory myocardial infi ltration (11-15). Until now, Doppler detected diastolic dysfunction has been considered to be a typical early marker of myocardial dysfunction in RA patients (16-21). However, Doppler ultrasonography is an angle-dependent method and therefore, the strain and strain rate could be earlier and more accurately evaluated using the speckle-tracking method (22-25).
The aim of this study was to detect subclinical pathologies in myocardial function in RA patients using standard and novel echocardiographic methods, and analyze their relationship to clinical characteristics and laboratory risk markers of RA.
Methods
Cross-sectional study comprised patients aged 25-55 years with at least 5-year history of seropositive RA without known cardiovascular disease. The study group was recruited from outpatients registers at the 5th and 2nd Departments of Internal Medicine in Bratislava and the Internal Department in Trnava, between 2012 and 2013.
Exclusion criteria eliminated patients with histories of congestive heart failure, coronary artery disease, atrial fi brillation, stroke, diabetes mellitus, cancer, chronic kidney disease, or venous thromboembolism. The control group was recruited from cohort of 50 employees of participating departments who were matched for age, sex, blood pressure, BMI and smoking habit roughly in ratio 1 control to 2 patients until the both groups had same characteristics.
Both groups underwent structuralized interview, basic anthropometric measurements and blood sampling for classic risk factors and safety parameters. N-terminal prohormone brain natriuretic peptide (NTproBNP) was analyzed as standard marker of myocardial damage. The Health Assessment Questionnaire (HAQ) was used to determine the mobility and functional capacity and the composite index Disease Activity Score (DAS28) was used to determine rheumatoid arthritis infl ammatory activity.
Patients and controls underwent an echocardiographic examination using an Esaote MyLab 60 ultrasonograph, which was performed by a single investigator. Left ventricle systolic function was assessed by calculated ejection fraction (Teicholz), isovolumic contraction time (IVCT) and speckle tracking measured systolic strain and strain rate. Diastolic function was assessed by isovolumic relaxation time (IVRT), pulsed-wave Doppler mitral valve infl ow curve (E/A), and tissue Doppler imaging (TDI) was used to determine the septal mitral annular motion (e'/a'). The e' wave value (cut-off ≤ 8 cm/s) and the E/e' ratio (cut-off ≤ 9 cm/s) were considered the most sensitive parameters for diastolic dysfunction detection (26). Also, indexed left ventricular mass and aortic root diameters were measured.
By using speckle-tracking echocardiography we estimated longitudinal epicardial, longitudinal endocardial, radial, transversal, circumferential strain (%) and strain rate (1/s). We measured it separately for six segments in every cross section and then averaged for the global myocardium. Cross-sectioning was done in longitudinal (LAX) and transversal (SAX) planes at the mitral annulus level. In the LAX plane, longitudinal and transversal strain and strain rate were estimated, whereas in the SAX plane, radial and circumferential strain and strain rate were estimated (27-32).
Ethics: The study protocol was approved by the Ethics committee of University Hospital of Medical Faculty of Comenius University and each participant signed an approved the informed consent.
Statistics
Statistical analyses were performed using SPSS 19.0 software (IBM SPSS Inc., Chicago, Illinois, USA). The impact of clinical characteristics was tested with non-parametric tests of qualitative data (χ2 test with Yates's correction or Fisher's exact test as appropriate). Parametric data were fi rst tested for normal distribution using the Kolmogorov-Smirnov test, followed by Student's t-test or ANOVA techniques. The level of statistical signifi cance was conventionally set up at p < 0.05.
To quantify the correlation between continuous parameters, Pearson's correlation coeffi cient was calculated, whereby a value of 1 represents an ideal correlation between two methods. Statistical signifi cance was considered at the level of p < 0.05. In multiple comparisons (ANOVA), Bonferroni's correction was applied.
Results
The cross-sectional study included 55 patients with confi rmed RA without known cardiovascular disease symptomatic for 13±8 years and diagnosed for 11±7 years, Control group consisted of 31 healthy persons.
The RA patients were similar to controls in terms of classic risk factors for cardiovascular disease: blood pressure, smoking habit, 
Discussion
The comparison of standard echocardiographic and Doppler parameters as age, gender, BMI and smoking habits matched RA patients without known cardiovascular disease with controls and did not reveal dramatic differences in myocardial structure and function, thus confi rming diffi culties in identifi cation of early myocardial abnormality markers for high risk in RA patients. Majority of the differences between groups were within the reference values for given parameters, including even the contrast differences in NTproBNP, considered standard for early detection of myocardial dysfunction. Identifi cation of causal relationship between echocardiographical parameters with soluble biomarkers and clinical characteristics could be therefore dependent on modulating factors as age, duration of disease, functional capacity, therapy, concomitant disease and other diffi cult-to-balance factors.
NTproBNP is a cardiac neurohormone responding to ventricular overload, hypoxia and increased ventricular wall tension or hypertrophy, and in RA patients correlates with systolic and diastolic volumes and left ventricular mass as measured by Doppler echocardiography (33-36). In our study with participants balanced for blood pressure and other traditional risk factors, we did not detect a correlation between the NTproBNP level and standard echocardiography parameters for systolic (EF, IVCT) and diastolic function (IVRT, E/e'), similarly to previous studies patients with chronic infl ammatory disease (37, 38) . Both LV mass or volumic overload parameters did not explain differences in NTproBNP between RA patients and controls.
Our RA patients had a signifi cantly prolonged IVRT, which may indicate some active relaxation disturbance of the left ventricle in early diastole, as already suggested by Lascano et al (39) and other authors (40, 41) and it may tempt to explain the increase in NTproBNP. However, the correlation is only borderline (r=0.35; p= 0.054). Any of mentioned studies, including our own, did not fi nd correlation between IVRT with clinical characteristics as disease duration.
However, a signifi cant correlation was found between the NTproBNP level and myocardial function assessed by speckletracking echocardiography. The dominant speckle-tracking parameter is considered to be the longitudinal strain and strain rate (29, 32, 42) . Our study demonstrated lower trend for the average values of longitudinal strain and strain rate in RA patients than in healthy controls in both global and defi ned segments of the left ventricle, predominantly affecting apicolateral epicardial segment.
Recent study by Midtbo (43) showed that speckle tracking can be a sensitive method for fi nding subclinical left ventricle dysfunction. Also, the study by Fine et al (23) confi rmed a decreased global left ventricle longitudinal strain in RA patients and its correlations with a reduced HAQ mobility index, and contrary to our patients, a lack of correlation with disease duration. Longitudinal strain in this study might have been infl uenced by more prevalent classic cardiovascular risk factors (hypertension 85 %; smoking habit 44 %; and dyslipidemia 71 %, diabetes mellitus 14 %) as well as higher blood pressure in RA patients. More reduced HAQ mobility index and lack of correlation with disease duration in Fine et al study could be explained by higher age (55.7 vs 44.1 years). However, presented study had these risk factors strictly balanced and provided the same result suggesting the causal effect of RA on longitudinal strain.
The association between impaired strain parameters and duration of RA was found also by other authors. In a small study of Sitia et al (22 patients and 20 controls) which used similar inclusion and exclusion criteria as in our study, RA patients exhibited similar abnormalities in longitudinal strain correlating with disease duration (22). Baktir et al compared 37 RA patients divided in two age-matched groups (45 years) according to disease duration (2.8 vs 14.6 years; no healthy control group) and found signifi cantly lower longitudinal strain parameters in patients with advanced disease (24). Both studies did not fi nd any correlation between radial and circumferential strain parameters.
Consistent relationship of londitudinal strain parameters with biomarkers and clinical characteristics implicate causal involvement of anterior epicardial segment in early stage of RA associated with other early markers of LV dysfunction (22-24).
In patients with diastolic dysfunction, arterial hypertension is frequently diagnosed with the prevalence of 60-88 % (44, 45) . Majority of cited RA studies (8, 10, 11, 13) studied groups with comparable blood pressure and therefore, the slightly impaired diastolic parameters and LV mass in RA patients cannot be explained by the effect of hypertension on diastolic function (46) .
Major limitation of presented study could be the lackof interobserver comparison of speckle-tracking measurement which can cause "virtual dyskinesia" due to intraindividual error (47, 48) . When the endocardial borders are manually traced even by experienced specialist, subjective evaluation may overestimate the myocardial thickness and lead to impaired epicardial strain assessment. The measurement of total and segmental strain could be improved by the measurement of isovolumic times, maximum mitral infl ow velocities, and mitral annulus motion which decrease the chance of false-positive strain assessment.
On other side, even when reproducibility of the strain measurements is conditioned by inter-individual variability, studies with one investigator (22, 25) as well as studies with more operators (23, 24) obtained relatively consistent fi ndings.
Conclusion
Standard echocardiographic assessment of myocardial functions in patients with RA without signs of cardiovascular disease suggested minimal changes in left ventricular systolic function (by IVCT and LVEF by Teicholz) and diastolic function (by E/e' and IVRT).
The speckle-tracking method for myocardial strain analysis showed an unambiguous impairment of longitudinal strain parameters, which correlates with biomarkers and clinical characteristics of RA. Speckle-tracking method has the advantage of being independent of preload and afterload, as well as insonation angle. Due to its sensitivity and continuous improvements in software packages, especially for the three dimensional evalu-ation of left ventricular strain, the method may be an appropriate for early detection of subclinical myocardial impairment in rheumatic patients.
